17
Introduction 34 35
Co-and by-products of the food industry can have significant nutritional value 36 and be therefore interesting for animal feeding. For integration of the food and feed 37 chain a transparent classification of fats is imperative. On the one hand, safe fats with 38 high nutritional significance should be allowed to use for feeding purposes, on the 39 other hand a transparent classification will allow better controls and eventually 40 protection of the consumer (Gasperini et al., 2007) . In the EU research project 41 'Feeding Fats Safety' (FOOD-CT2004-007020) an attempt was made to classify 42 feeding fats into ten defined classes. Classes included acid oils from chemical or 43 physical refining, lecithins, recycled cooking oils, animal fats, oils from exhausted 44 bleaching earth, fish oils, hydrogenated by-products, fatty acid calcium soaps, and a 45 group miscellaneous products. 46 countries and some had a non-European origin. The samples were selected taking into 91 account as much as possible both natural and technology-induced variation. Animal 92 fats concerned products from the rendering process (sterilization, cooking and melting 93 of animal tissues). Most animal fat samples originated from poultry (10), the 94 remainder was classified as bovine, pork, sheep, ruminant, and some samples were 95 mixtures of different species. Fish oils comprised oils obtained by rendering whole 96 low-value fish or fish waste from the food industry (e.g. canned tuna, smoked salmon, 97 salted sardines, etc.). The recycled cooking oils involved products from the collection 98 of exhausted oils, leftover from the deep-frying industry or catering. It is not 99 permitted to use the latter for feed applications, they are normally applied for 100 technical/industrial use (Gasperini et al., 2007 analyzed in a quadrupole mass spectrometer and eventually detected as ion counts/s 137 (cps) by a secondary electron multiplier. The outcome is a mass resolved fingerprint 138 of the total volatile profile of a samples. PTR-MS is interesting for this fingerprinting 139 approach as (1) it requires no pre-treatment of the sample, (2) it allows rapid 140 measurements (typically < 1 min for a complete mass spectrum) and (3) the technique 141 is extremely sensitive (ppt level). In the present study, the volatiles were measured in 142 the headspace of the butters after equilibration (van Ruth et al., 2007) . 143 144 For headspace analysis, 5 ml of fat or oil was placed in a glass flask (250 ml) 145 at 30°C for 30 min to allow equilibration. Preliminary experiments showed that 30 146 min was sufficient for equilibration. Three replicates of each sample were analysed. 147
The volatile organic compounds (VOCs) in the headspace of the samples were 148 analysed at 30°C by PTR-MS according to the method described by Lindinger, 149 Hirber, & Paretzke (1993) . A constant drift voltage of 600 V and a pressure of 150 2.09±0.01 mbar were maintained in the reaction chamber. The headspace was drawn 151 from the sample flask at 30ºC at a rate of 55 ml/min which was led through a heated 152 transfer line (60ºC) into the high sensitivity PTR-MS for on-line analysis. 
TAG data 191
The TAG profiles of the animal fats, fish oils, and recycled cooking oils were 192 analysed by GC. Twenty-one triacylglycerols and cholesterol were quantified in the 193 fats. Relative concentrations varied between and within fat groups (Table 1) . In 194 animal fats the C52 (44%), C54 (26%), and C50 (17%) were the predominant TAGs, 195 whereas in fish oils predominant TAGs comprised a larger group: C54 (17%), C56 196 (17%), C52 (15%), C58 (14%). For the recycled cooking oils highest TAG contents 197 were observed for C54 (54%), C52 (22%), and C50 (7%). The composition of the 198 animal fats is similar to the compositions published for lard and beef tallow (Precht, 199 1992) . TAGs make up the major part of naturally occurring fats and oils. Analysis of 200 intact TAGs is, as in the present study, usually performed by chromatographic 201 methods. Apart from the GC technique used here, high performance liquid 202 chromatography in normal and reversed phase mode, thin-layer chromatography, and 203 supercritical fluid chromatography are employed (Buchgraber et al., 2004) . 204
Some exploratory statistics were applied to the TAG data set: data were 205 subjected to PCA. PCA is used abundantly in all forms of analysis -from 206 extracting relevant information from confusing data sets. PCA provides a roadmap for 208 how to reduce a complex data set to a lower dimension to reveal the sometimes 209 hidden, simplified structure that often underlie it. It is a way of identifying patterns in 210 data, and expressing the data in such a way as to highlight their similarities and 211 differences. PCA involves a mathematical procedure that transforms a number of 212 
FA and VOC data 233 234
The TAG composition is directly related to the FAME composition, which is 235 presented in Table 2 . Thirty different FAs were determined. Animal fats were rich in 236 C18:1 (40%), C16:0 (23%), C18:0 (13%), and C18:2 (11%). Fish oils were composed 237 mainly of C18:1 (17%), C16:0 (16%), C22:6 (15%), C20:5 (9%), and recycled 238 cooking oils of C18:1 (39%), C18:2 (37%), C16:0 (13%). 
Classifications 272 273

TAG data 274 275
Due to the large variation within fat groups it is difficult to evaluate the data 276 using a univariate approach. Therefore, a multivariate approach was adopted. 277
When considering the available pattern recognition methods, a distinction can be 278 made between pure classification and class-modeling techniques (Vandeginste et al., 279 1998) . The former divide the sample space in as many regions as the number of 280 classes under investigation, so that if a sample falls in a specific region of themodeling tools build a separate model for each category: samples fitting the model are 283 accepted by that category, while samples falling outside the model are considered as 284 outliers for the specific class. In the present study all classes (fat types) were known, 285 which means that a pure classification method could be used. Furthermore, in PTR-286 MS analysis we deal with more variables than samples, which implies that 287 discriminant analysis is not appropriate and a PCA-like reduction of the variables is 288 required before samples can be classified. PLS-DA combines both aspects. 289
The statistical analyses in this study used the TAG, FA and VOC data as 290 'fingerprints', i.e. the compounds/masses and their corresponding signal intensities in 291 each sample mass spectrum act as a pattern for inter-comparison of the samples. 292
PLS-DA was applied to the TAG data to classify the samples into fat types 293 (animal fat, fish oil, recycled cooking oil). A five-component model (data auto-scaled) 294
was fitted to estimate the identity of the samples. Rates of successful classification in 295 cross-validation are listed in the leftmost part of Table 3 . Of all samples, 96% were 296 successfully classified into their fat type classes: 100% of the animal fats, 89% of the 297 fish oil and 88% of the recycled cooking oils. The scores of the samples on the first 298 two PLS-dimensions are presented in Fig. 4 . Samples FISH-6 and RECI-6 were the 299 only samples that were misclassified. Both were more or less on the demarcation line 300 between two classes. The fish oil originated from France, and the recycled cooking oil 301 from Italy. Considering the wide range of sample material (origin, species, 302 technology, etc.) it is surprising that the samples could be so successfully classified. 303
The animal fat group was the largest subset and consisted of 10 poultry fat samples 304 and 26 fat samples of other species. PLS-DA classification of the animal fat samples 305 into poultry and non-poultry groups resulted in a two component model (no data premisclassification concerned a chicken fat sample from Spain that was classified as 308 'other fats'. A scores plot of the first two dimensions of the PLS-DA on the animal fat 309 data is displayed in Fig. 5. ANFA-23 96% of the samples were successfully classified. There were two misclassifications 316 only: samples FISH-9 and RECI-6. Since RECI-6 was also misclassified in the TAG 317 analysis, this sample had probably unusual compositional characteristics compared to 318 the other recycled cooking oils. The raw data showed that RECI-6 was high in FA 319 C16:0 and low in C18:2 compared to the other samples. Its TAG composition 320 revealed correspondingly higher concentrations of C50 and C52, and lower levels of 321
C54. 322
PLS-DA classification of the VOC data resulted in 92% of the samples in 323 successful classifications: 100% of the animal fats, 88% of the fish oils and 63% of 324 the recycled cooking oils (Table 3 , rightmost; data pre-treatment: autoscaling). Four 325 samples were misclassified, one fish oil (FISH-8) and three recycled cooking oils 326 (RECI-1, -4, -5). The fish oil originated from Norway, the cooking oils from Italy (1) 327 and Spain (2). The PLS-DA plot in Fig. 6 shows that the misclassified samples are at 328 the demarcation line of the classes. 329 330
Conclusions 331
TAG, FA and VOC 'fingerprints' were made for a range of animal fats, fish oils, and 333 recycled cooking oils. Multivariate statistical analysis of these data allowed samples 334 to be separated successfully into classes of identity. Most successful in terms of 335 prediction rate were the TAG and FA fingerprints (both 96%). VOC mass spectral 336 fingerprints acquired by PTR-MS resulted in a success rate of 92% but its advantage 337 of the other two methods is its simplicity, rapidity, efficiency, and reproducibility. 338
Direct PTR-MS headspace analyses were made without prior sample preparation and 339 mass spectra were obtained in just over 2 min. Such a method could, combined with 340 auto-sampling procedures, a future screening technique that is both fast and accurate. 341
The TAG and FA methods are more time-consuming, robust, and can be used for 342 identity confirmation assessments. Lipid Sci. Technol. 108, 116-124. 373 Hansel, A., Jordan, A., Holzinger, R., Prazeller, P., Vogel, W., Lindinger, W., 1995. 374 Proton transfer reaction mass spectrometry: on-line trace gas analysis at the 375 
